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ABSTRACT 

This  report  presents  the  results  of  a study  of  the  burning 
velocities  of  the  methane  -oxygen-nitrogen  system  at  a constant  theore- 
tical adiabatic  flame  temperature  of  2000°K  at  one  atmosphere  pressure. 

The  data  were  obtained  on  flow  nozzle  burners  with  the  gas 
flow  to  the  burner  adjusted  to  produce  a flat  flame  above  the  nozzle 
opening.  The  velocity  of  the  unbumed  gas  through  the  nozzle  Is  then 
the  burning  velocity  of  the  gas  mixture. 

The  burning  velocities  found  by  this  method  are  higher  than 
those  reported  with  the  tube  burner.  The  Increase  In  burning  velocity 
appears  to  he  due  chiefly  to  a decrease  in  the  quenching  effect  of  the 
surrounding  air.  This  quenching  tends  to  lower  the  flame  temperature. 
The  ease  of  formation  of  polyhederal  flames  Increased  as  the  oxygen 
to  methane  ratio  Increased,  Indicating  the  possibility  of  the  exist- 
ence of  methane  rich  zones  that  give  temperatures  higher  than  the 
calculated  2000°K.  This  would  also  Increase  the  burning  velocity. 

The  composition  of  a series  of  me thane-ocxygen-nitrogen  mixtures 
having  theoretical  adiabatic  flame  temperatures  of  2250°K  at  one  at- 
mosphere pressure  are  reported.  Included  also  are  the  composition 
of  several  methane -oxygen-argon  mixtures  having  a theoretical  adia- 
batic flame  temperature  of  2000°K  at  one  atmosphere. 
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IMTBQDPCTIQM 

This  report  presents  the  results  of  the  work  performed  during 
the  period  July  l,  1952  to  December  51*  1952  on  "A  Study  of  the 
Fundamentals  of  Combustion*"  jointly  sponsored  by  the  Office  of 
Naval  Research*  Science  Division*  Poser  Branch  and  by  the  Institute 
of  Gas  Technology  In  the  laboratories  of  the  Institute  of  Gas  Tech- 
nology at  Chicago,  Illinois. 

The  burning  velocities  of  the  methane -oxygen -nitrogen  system 
were  Investigated  for  six  mixtures  having  constant  theoretical  adia- 
batic flame  temperatures  of  2000°K  and  oxygen  to  methane  ratios 
ranging  from  0.78:1.0  to  5.0:1 .0.  These  data  sere  obtained  on  flow 
nozzle  burners  of  one-half,  three-fourths  and  one  inch  diameters. 

The  results  sere  compared  with  the  previous  data  reported  using  a 
three-eighths  Inch  diameter  tube  burner. 

The  effects  of  combustion  in  air  and  In  an  atmosphere  of  com- 
bustion products  sere  studied. 

Calculations  sere  made  for  a series  of  methane-oxygen-nitrogen 
mixtures  having  theoretical  adiabatic  flame  temperatures  of  2250°K 
at  one  atmosphere  pressure.  Included  also  are  the  composition  of 
several  me  thane -oxygen -argon  mixtures  having  a theoretical  flame 
temperature  of  2000°K. 


( 


- 1 - 


aganiBPAL  prqcbcbrb 


The  calculated  mixtures  of  gaeet*  used  In  tbese  determinations 
mere  metered  separately  through  critical  flow  orifices  which  were 
calibrated  before  and  after  each  Individual  determination.  The 
metered  gases  ware  then  sent  through  a mixing  "T"  to  the  flow  nozzle 
burner.  A side-stream  of  the  gases  flowing  to  the  burner  was  with- 
drawn through  a rotameter  (calibrated  on  the  gas  mixture  flawing  to 
the  burner)  at  such  a rate  that  the  gas  flow  through  the  nozzle  pro- 
duced a flat  flams  just  above  the  nozzle  opening.  The  volumetric 
flow  to  the  nozzle  divided  by  the  nozzle  area  then  gave  the  burning 
velocity  of  the  gas  mixture.  The  following  equation  was  used  for 
this  calculation: 


VB  - «*  - Qb)/to* 


idler©  Qq, 

Qs 

R 

vB 


total  metered  gas  flow  (CP/sec . ) 
side-stream  gas  flow  (CF/seo.) 
radius  of  nozzle  burner  (ft.) 
burning  velocity  (ft. /sec.) 


The  burning  velocity  was  also  checked  by  the  ocne  height  method 
using  a three  eighths  Inch  burner,  as  described  In  Report  Ho.  6,  and 
iMijnp  the  same  cmM  mixtures. 

The  effect  upon  the  burning  velocity  of  the  atmosphere  In  which 
the  combustion  takes  place  was  examined  by  determining  the  burning 
velooity  In  the  open  atmosphere  and  then  determining  It  with  the  flow 
nozzle  shielded  with  a tight  flttlx^  glass  mantle  three  Inches  In 
diameter  and  eighteen  Inchee  high* 

♦See  Table  I for  analyses  of  gases  used. 
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n*AVtx  T 

ASAIXUS  CP  QAS1B  Hf  MASS  aFEgTROMBTHl 


Methane 
Mole  * 

■fewMI 

Nitrogen 

linl 

cm 

99.5 

0*  99.1 

It  99.9 

CsHa 

0.2 

N*  0.9 

A 0.1 

N« 

0.5 

CO* 

trace 
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The  results  of  the  burning  velocity  determinations  on  the 
methane-axygsm-nitrogsn  system  at  2000°K  and  one  atmosphere  pressure 
using  the  flow  nozzle  method  are  listed  in  Table  IZ  and  presented 
graphically  in  Fig.  1.  The  compositions  of  the  gases  fed  to  the 
flow  nozzle  for  these  determinations  are  listed  in  Table  III. 

Theoretical  equilibrium  composition  of  the  burned  products 
for  the  metbane-aoygen-nitrogen  system  at  2000°K  and  one  atmosphere 
partial  pressure  are  given  in  Report  Vo.  6. 

In  examining  Fig.  l it  can  be  seen  that  the  burning  velocity 
curve  determined  by  the  flow  nozzle  method  indicates  faster  burning 
velocities  than  those  secured  by  the  cone  height  method.  The  two 
burning  velocity  curves  show  a dose  correlation  up  to  an  oxygon  to 
methane  ratio  of  6(#  of  the  a t oiohl ooetrlo  at  Which  a minimus  is 
indicated  by  both  methods.  Beyond  the  minimum  point  the  burning 
velocities  indicated  by  the  flow  nozzle  method  increase  much  more 
rapidly  than  the  velocities  Indicated  by  the  con e helgit  method. 

It  has  bean  noted  that  to  the  right  of  tbs  qrTnlmun  burning 
velocity  point  (6o£  of  stoiohiometrlo ) the  name  secured  by  the  flow 
nozzle  has  a great  tendency  to  form  a polyhedral  flam  and  once  a 
polyhedral  flans  is  formed  the  flat  topped  flams  used  for  the  burning 
velocity  determinations  is  not  readily  obtainable.  This  tendency 
toward  polyhedral  flame  formation  Increases  as  the  oxygen  to  methane 
ratio  increases,  thus  increasing  the  difficulty  in  obtaining  a flat 
flams  at  high  otxygan  to  methane  ratios. 

The  formation  of  the  polyhedral  flams  Indicates  a diffusion 
process  place  which  creates  methane  rich  zones  in  the  flame. 

It  la  ooooeivable  that  these  methane  rich  zones,  having  a temperature 
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which  la  higher  than  the  calculated  2000*K,  Increase  the  burning 
velocity  of  the  flame  front  yielding  a hlgier  indicated  burning 
veloolty. 

The  effeot  of  the  difference  In  aeration  In  the  two  methods 
can  also  account  for  the  differences  in  the  Indicated  burning  veloci- 
ties. The  geometry  of  the  conical  flame  Is  such  that  there  Is  a 
much  greater  possibility  for  the  entrainment  of  secondary  air  Into 
the  flams  sane  than  with  the  flat  flame  obtained  with  the  flow  nossle. 
This  entrained  air  should  have  a definite  quenching  effeot,  lowering 
the  flame  temperature  and  hence  lowering  the  Indicated  burning 
veloolty. 

To  examine  this  effeot  of  secondary  aeration  upon  the  flat 
flame,  a glass  mantle  three  inches  In  diameter  and  eighteen  Inches 
high  was  placed  around  the  flame  to  exolnde  air  and  produce  an 
atmosphere  of  combustion  products  about  the  flame.  It  was  found  In 
all  oases,  both  for  mixtures  above  and  below  the  stoichiometric  oxygen 
to  methane  ratio,  that  the  indicated  flame  veloolty  Increased.  This 
Indicates  that  below  stoichiometric  oxygen  mixtures,  the  quenching 
effeot  of  the  Included  air  offsets  any  Increase  In  the  hast  released 
by  the  combustion  due  to  the  excess  methane  burning  with  the  Included 
oxygen,  in  placing  the  mentis  shout  the  flame  the  gasee  entrained 
by  the  flams  were  heated  to  a temperature  above  room  temperature  and 
hence  the  quenching  effeot  Mni1^  be  lessened  end  the  indicated  burning 
veloolty  would  be  increased. 

The  heating  effeot  of  the  nossle  could  also  cause  the  burning 
veloolty  curve  of  the  flow  nossle  determinations  to  be  above  the  curve 
of  the  cone  height  determinations.  Since  the  nosslee  were  moooled, 
their  tagperaturee  were  somewhat  above  room  temperature  during  the 
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determinations . This  alone  could  cause  a shift  upward  la  the  burn- 
ing velocity  curve. 

Finn  Tiwmcmturit  MpuJa  trims 

The  burner  Inlet  gas  composition  for  the  methane -oxygen- 
nltrogem  system  at  225 0®K  and  one  atmosphere  pressure  with  the  oxygen 
to  methane  ratio  and  nitrogen  to  methane  ratio  are  given  In  Table  I V 
and  gaphloally  presented  In  Fig.  2.  The  equilibrlua  compositions 
of  the  products  of  combustion  for  this  system  are  given  in  Table  V. 

Data  for  the  methane^oxygen-argon  system  at  2000°K  and  one 
atmosphere  pressure  are  given  In  Tables  VI  and  VII  and  Fig.  5. 

It  is  possible  to  estimate  the  composition  of  any  gas  mixture 
that  will  give  a constant  theoretical  adiabatic  flame  temperature  if 
the  stoichiometric  point#  the  methane  rich  and  oxygen  rich  point  are 
calculated  and  plotted  as  In  Figs.  2 and  3.  The  Intermediate  points 
lie  on  approximately  straight  lines. 
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(l)  The  turning  velocities  of  the  aethans-axygeo-nitrogen  system 
at  2000®K  and  one  atmosphere  pressure,  as  determined  by  the 
flow  nozzle  method  are  higher  than  the  velocities  as  deter- 
mined by  the  cone  height  method. 


(l ) The  burning  velocity  curve  for  the  methane -oxygen-nitrogen  sys- 
tem at  2000*K  and  one  atmosphere  pressure  should  be  completed 
over  the  entire  range  using  the  nozzle  burners. 

(2  ) Using  controlled  cooling  of  the  burner  nozzle,  the  effect  of 
nozzle  temperature  an  burning  velocity  should  be  determined. 

(3)  Using  controlled  gas  approach  temperatures,  the  effect  of  the 
gas  approach  temperature  should  be  determined. 

(4 ) The  burning  velocity  curve  to*  the  methane-axygen-nltrogen  sys- 
tem at  225 0®K  and  one  atmosphere  should  be  run  to  determine  the 
quantitative  effect  of  flams  temperature  on  the  burning  velocity 
of  this  system. 

(5)  The  burning  velocity  curves  for  the  methane-axygen-argcn  and 
methane-oxygen-hellum  systems  should  be  determined  at  a 2000°K 
theoretical  flame  temperature.  The  results  would  indicate 
whether  the  drop  In  burning  velocity  In  the  region  above  the 
oxygen  to  methane  ratio  of  8.0il.0  is  caused  by  the  decrease  or 
absence  of  nitric  amide.  It  will  be  noted  that  in  this  region 
the  fraction  of  methane  is  constant  and  oocygi  is  substituted 
for  nitrogen  mtil  an  oxygen  to  methane  ratio  of  11.41  tl.o  is 
reached  at  which  point  there  is  no  nitrogen  in  the  mixture. 
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The  effect  on  burning  velocity  of  the  thermal  conductivity  of 
the  diluent  gas  would  be  shorn  with  the  use  of  argon  and  helium 


as  the  third  component. 


The  authors  gratefully  acknowledge  the  assist- 
ance of  E.  Anderson  In  the  collection  and  calculation 
of  the  data. 
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TABLE  TT 


EXimiMEHTAL  JflCA  QBEAXBEP  ON  A MQZ2LB  BflBMEB 

FOR  THE  BURNING  VELOCITY  FOR  THE 
MgPH^-QXYQEM-MITRQQBI  SYSTEM 

AT.iWK  Affi  ONE,  AmgPHBR£.fKfflaiJBE 


Mole  Ratio 
Oxygen  to 
Methane 

Nozzle 

Diameter 

(inches) 

Volumetric 

Flow 

(ft3/hr.) 

Burning 
Velocity 
( ft/sec . 

0*78? 

0.50 

4.45 

0.907 

0.783 

0.50 

4.40 

0.896 

1.20 

1.00 

11.31 

0.576 

1.20 

1.00 

10.99 

0.560 

1,60 

1.00 

20.21 

1.029 

1.60 

1.00 

20.11 

1.024 

2.00 

1.00 

15.19 

0.773 

2.00 

1.00 

18.04 

0.919 

3.00 

1.00 

30.55 

1.556 

3.00 

0.75 

17.85 

1.616 

5.00 

0.50 

9.156 

1.865 
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TABLE  III 


flDBMEB  TJPJfP  QAS  COMPOSITION  FOR  TOE 
METHANE  - QXYOSM -NITRQflPJf  SYSTEM  AT  2QQQ!K 
AND  Dm  ATMOSPHERE  PRESSURE 


Mole  Ratio 
Oxygen  to 

MAthAnA 

Mole  Ratio 
Nitrogen  to 

MAthATlA 

Mole 

Percent 

ItethmA 

Mole 

Percent 

Oxygen 

Mole 

Percent 

0.783 

0.00 

56.07 

43.93 

0.00 

1.20 

3.36 

17.98 

21.58 

60.44 

1.60 

6.67 

10.79 

17.26 

71.95 

2.00 

9.79 

7.82 

15.63 

76.55 

3.00 

8.80 

7.81 

23.43 

68.76 

5.00 

6.63 

7.91 

39.59 

52.49 

7.oo 

*.51 

7.99 

56.97 

36.04 

8.00 

3.36 

8.09 

64.70 

27.21 

9.00 

2.44 

8.04 

72.32 

19.64 

10.50 

0.93 

8.05 

84.50 

7.*5 

11.41 

0,00 

8.05 

91.95 

0.00 
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TABLE  IY 


BUBHEB  mm  QAS  flfMPQaiTIQE  ZCBJEHE 

METHANE -.QXYQHf  -NITROCHOI  SYSTEM  AT  ADIABATIC 
MAtte  TagERAWM OF g950«K  AND 
QHE  ATMOSPHERE  PREBSORE 


Da tun  Temperature : 300°K 


Mole  Ratio 
Oxygon  to 
Methane 

Mole  Ratio 
Nitrogen  to 
Methane 

Mole 

Percent 

Methane 

55.87 

Mole 

Percent 

Omratm 

Mole 

Percent 

Nitrogen 

0.00 

0.856 

0.00 

46.13 

2.00 

7.28 

9.72 

19.45 

70.83 

5.00 

4.312 

9.70 

48.49 

41.81 

6.00 

5.245 

9.76 

58.57 

51.67 

7.00 

2.195 

9.81 

68.67 

21.52 

9.20 

0.00 

9.81 

90.19 

0.00 
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HDPTLTBRTTM  COMPOSITION  OP  PROEOCTS  PQR  THE 

SYSTBfl  AT  A THBQKHTTflAT . 

ATYTAPAfPTr*  1PT  aup  fTtpriPpo  a nwrav  ad  aqc  a«w 


ADIABATIC.  ELAMB  temperature  op  225  oS 

AND  ONE  ATMOSPHERE  PRgfflTTRTC 


Products 

Datum  Temperature:  300°K 

Omrtm  to  Mathana  Ratio . 

0.856 

2.00 

" 

6.00 

7.00 

QPO 

C0a 

0.025241 

0.086077 

0.094954 

0.095870 

0.096443 

0.096539 

CO 

0.307214 

0.010335 

0.001562 

0.001357 

0.001216 

0.001008 

HaO 

0.211286 

0.187259 

0.188754 

0.189408 

0.190061 

0.190048 

N a 

0.000000 

0.701279 

0.410294 

0.309025 

0.208285 

0.000000 

Oa 

0.000000 

0.005289 

0.281610 

0.380187 

0.479894 

0.699148 

Ha 

0.450981 

0.003942 

0.000544 

0.000471 

0.000420 

0.000348 

0 

0.000000 

0.000291 

0.002126 

0.002470 

0.002775 

0.003350 

H 

0,004977 

0.000465 

0.000173 

0.000161 

0.000152 

0.000138 

OH 

0.000300 

0.002842 

0.007701 

0.008331 

0.008839 

0.009704 

NO 

0.000000 

0.002217 

0.012376 

0.012479 

0.011511 

0.000000 
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TABLE  YI 

BURNER  IBM?  QAS  COMPOSITION  FOR  THE 
MMANE-QXXPEN-ARQQN  2XBTEM  AT,  ADIABATIC. 

ONE  AnaqBfHHffi  PRESSURE 


Datum  Temperature:  300°K 


Mole  Ratio 
Oxygen  to 
Mathaaa.. , 

Mole  Ratio 
Argon  to 
Mflthflna 

Mole 

Percent 

Mole 

Percent 

OgygflQ 

Mole 
Percent 
Argon — 

0.783 

0.0 

56.07 

43.93 

0.0 

2.0 

15.534 

5.40 

10.79 

83.81 

8.0 

5.713 

6.8o 

54.37 

38.83 

11.41 

0.0 

8.05 

91.95 

0.0 
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TOTIT^TRRTTIM  CCMPOSITIQM  OP  THR  PRQEOCTS  PQR  THE 
MBmANE-OKTOHf-ARQQH  SYSTEM  AT  A THEORETICAL 
ADTARATOG  WJWt  TBMPHRATORE  Qg^QQQ°K 


Da tun  Temperature:  300°K 

Oxvoren  to  MathAnn  Ratio 

Products 

0.783 

2:00 

8.00 

COg 

0.021811 

0.051909 

0.067773 

0.080325 

CO 

0.511311 

0.001966 

0.000145 

0.000126 

HgO 

0.167000 

0.106584 

0.134532 

. 0.159350 

A 

0.000000 

0.836814 

0.587924 

0.000000 

o« 

0.000000 

0.001507 

0.406735 

0.756500 

Hg 

0.498656 

0.000844 

0.000060 

0.000052 

0 

0.000000 

0.000026 

0.000468 

0.000638 

H 

0.001146 

0.000047 

0.000013 

0.000011 

OH 

0.000052 

0.000501 

0.002365 

0.003005 
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OXYGEN  TO  COMBUSTIBLE  RATIO 
(%  OF  STOICHIOMETRIC) 

BURNING  VELOCITIES  OF  THE 

CH4-O2-N2  SYSTEM  AT  2000°  K 

AND  I ATM 


PtOJ.  B - 143 
DATE  3-19-53 


INSTITUTE  OF  GAS  TECHNOLOGY 


SCALE 
A- 2556 


PRO J.  B - 143  FK3.  NO.  2 
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PROJ.  B 
DATE  3 

) 10  20  30  40  50  60  70  8 

NITROGEN,  PERCENT 

UNBURNT  GAS  COMPOSITION  FOR 
THE  CH4-02-N2  SYSTEM  AT 
2250°K  AND  ONE  ATMOSPHERE  PRESSURE 

- 1 4 3 SCALE 

-19-53  INSTITUTE  OF  GAS  TECHNOLOGY  A-  2562 

